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21,24  or  temporally‐jittered  binary  mixtures 

























chance  levels,  confirming  that  mice  were  using  odors  as  cues  for  performing  the  task  (Fig.  1d). 
Importantly, mice performed well on novel mixtures in the asymptotic phase (trial novelty rate of > 60%, 

















































We  further  tested  this  hypothesis  by  analyzing  how  behavioral  performance  was  affected  by  the 
presence of members of the two groups in the mixture. We used NoGo trials for further analysis of 
behavioral performance since >90% of incorrect responses were due to false alarms (Fig. 4a and b). We 

















tiglates  (0.0±0.5%;  slope  difference  significant,  p  =  1.9x10
‐4,  Mann‐Whitney  U‐test).  A  similar 
dependence between the group effect of background odorants and the target was also found when 
analyzing the behavior of individual mice, separately (Supplementary Fig. 4). The uncertain relationship 


















































































































































by  a  linear  model  (Fig.  6)  and  a  ‘maximal  projection  intensity’  model  (Supplementary  Fig.  5), 































































































































































































coefficients  of  tiglate  to  tiglate  (top),  non‐tiglate  to  non‐tiglate  (middle)  and  tiglate  to  non‐tiglate 
(bottom). Data is pooled from all experiments (n=6). Colored arrows in each plot show the distribution 
median. (g) The same distributions as in f plotted as cumulative distributions to promote visualization of 
the  differences.  (h)  The  separability  of  all  12870  possible  groups  of  8  odorants  as  measured  by 
Kolmogorov‐Smirnov distance between the distributions of correlation coefficients within a group and 
across  groups.  Blue  arrow  denotes  the  Kolmogorov‐Smirnov  distance  between  tiglate  to  tiglate 
correlations and tiglate to non‐tiglate correlations.  


























































        	
  





b=1.  This  allowed  varying  task  difficulty  without  any  changes  in  task  rules.  The  number of  training 
sessions varied across mice, ranging from 4 to 19, with an average and standard deviation of 9.2 ± 5 
sessions. Unless specified otherwise, all data presented were taken from sessions with flat distributions 



























































We  analyzed  the  separability  of  odorant  groups  by  calculating  the  Kolmogorov‐Smirnov  distances 
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Where  M(m,T)  is  the  masking  of  target  T  by  mixture  m  and  N  is  the  number  of  target‐activated 




was  quantified  by  first  binning  trials  according  to  their  masking  index  and  plotting  the  mean 
performance in each bin against the mean masking index. A decaying logistic function was fit to these 
data: 
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t1. Ethyl tiglate (98% pure) 9. Ethyl propionate (99% pure)
10. 2-Ethyl hexanal (96% pure)
11. Propyl acetate (99% pure)
12. 4-Allylanisole (98% pure)
13. Ethyl valerate (98% pure)     
14. ± Citronellal (95% pure)  
15. Isobutyl propionate (98% pure)  
16. Allyl butyrate (98% pure)
2. Allyl tiglate (97% pure)
3. Hexyl tiglate (97% pure)
4. Methyl tiglate (98% pure)
5. Isopropyl tiglate (98% pure)
6. Citronellyl tiglate (95% pure)
7. Benzyl tiglate (90% pure)
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2. Allyl tiglate 3. Hexyl tiglate 4. Methyl tiglate
5. Isopropyl tiglate 6. Citronellyl tiglate 7. Benzyl tiglate 8. Phenylethyl tiglate
9. Ethyl propionate 10. 2-Ethyl hexanal 11. Propyl acetate 12. 4-Allyl anisole
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 Supplementary Figure 1 
Olfactometer for behavioral experiments. 
A custom built olfactometer was used to deliver mixtures of odorants to the mouse. The olfactometer was 
designed to allow each of the 16 odorants to be present or absent in any mixture while keeping the 
concentration of each odorant independent of other odorants. a. To achieve this goal, the olfactometer 
was built with 16 modules, each controlling one odorant and contributing a constant and equal amount to 
the output flow. Input flow into the modules and output flow from the modules were made using FEP-
lined Tygon/PVC tubing connected in symmetric pair-wise bifurcations. Each module had a 3-way valve 
(Lee Company, USA) that diverted the input flow of clean air to go through either of two glass tubes, one 
containing the odor and solvent and one containing only the solvent. Both pathways then converged to 
form the module output flow. From the point where all odorants converged to the odor port, the odorous 
air flowed through a 4 foot long tubing of 1/16 inch diameter. This minimized the latency from valve 
opening to odor presentation and ensured mixing of the odorants to at least within the scale of the 
tubing. Odorant mixtures were generated by controlling the  16 module valves allowing 216  possible 
mixtures. b. Photoionization detector (miniPID, Aurora Scientific) measurements were used to analyze 
the output of the olfactometer. The amplitude of the PID signal in response to an odorant mixture was 
equal to the sum of the amplitudes of PID signals in response to the individual components, indicating 
that the different odorant modules are independent.  
Supplementary Figure 2 
Individual mouse performance – tiglate targets. 
Performance of individual mice trained to detect tiglate targets. Plots show the percentage of correct 
trials as a function of the number of components in the mixture for all trials (black), Go trials (blue) and 
NoGo trials (red). Lines are linear fits to the data. Targets were Ethyl tiglate and Allyl tiglate (a and h), 
Benzyl tiglate and Phenylethyl tiglate (b, c, f and g), Hexyl tiglate and Methyl tiglate (d), and Isopropyl tiglate and citronellyl tiglate (e).    
  
Supplementary Figure 3 
Individual mouse performance – non-tiglate targets. 
Performance of individual mice trained to detect non-tiglate targets. Plots show the percentage of correct 
trials as a function of the number of components in the mixture for all trials (black), Go trials (blue) and 
NoGo trials (red). Lines are linear fits to the data. Targets were Ethyl propionate and 2-Ethyl hexanal (a), 
Propyl acetate and 4-Allyl anisole (b), Isobutyl propionate and Allyl butyrate (c), and Ethyl valerate and 
Citronellal (d and e).    
  
Supplementary Figure 4 
Individual mouse performance – population averages. 
a-c. Performance as a function of the number of components in the mixture for all mice (a, n=13), tiglate 
trained mice (b, n=8) and non-tiglate trained mice (c, n=5). Here data are only pooled within each mouse 
and then averaged across mice. Shown are mean±SE for all trials (black), Go trials (blue), and NoGo trials 
(red). Lines are linear fits to the data. d. The effect of tiglates and non-tiglates as background odorants on 
the performance of all individual mice detecting tiglates (left) and mice detecting non-tiglates (right). Group effects were calculated as the average change in % correct rejections when an odorant of the group 
is added to the background (see figure 3). The lines are connecting data of individual mice. Colored dots 
are the mean effect of each group. 
  
Supplementary Figure 5 
Estimation of mixture responses as maximal intensity projection of individual components. 
a and d. Percent of NoGo trials that were correctly rejected as a function of mixture masking (a) and 
target-mixture correlation (d) (top panels). Each data point represents 500 trials. Red lines are fits of 
sigmoidal decay to the data (see methods). Below are shown the distributions of masking and correlation 
values for all mixtures presented in NoGo trials. b and e. Average number of components in the mixture 
as a function of mixture masking (b) and target-mixture correlation (e). c and f. Percent of NoGo trials 
with fixed number of components in the mixture that were correctly rejected as a function of mixture 
masking (c) and target-mixture correlation (f). Each curve shows the data from a fixed number of 
components in the mixture (indicated by color). Symbols show the average percent of correct rejections.  
  
Supplementary Figure 6 
Robustness of masking analysis. 
Masking was calculated as described in the methods section, but the threshold for glomerular responses 
was varied from 1 to 15 standard deviations away from the baseline. Masking index was a good predictor 
of performance throughout this range, indicating that the results are insensitive to thresholding. Each 
data point represents the mean values of 500 trials. Red lines are fits of sigmoidal decay to the data (see 
methods). 
 